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Consumer responses to fruit quality of ‘Jonagold’ apples 
treated with postharvest application of 1-methylcyclopropene 
(1-MCP) under air and controlled atmosphere storage 
conditions
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University of Hohenheim, Institute of Crop Sciences, Section Crop Physiology of Specialty Crops, Stuttgart, Germany

  Summary
Commercial postharvest applications of 

1-methylcyclopropene (1-MCP) to retain quality of 
‘Jonagold’ apples of different harvest maturities and 
stored in air and controlled atmosphere conditions 
were investigated in three consecutive seasons in 
Southwest Germany. This cultivar is widely plant-
ed and most popular in this fruit-growing region. 
Fruit samples were removed from storage at bi- or 
three-monthly intervals during maximal 9 months 
storage periods. Thereafter, fruit were frequently 
evaluated over up to 10 days at 20°C to link instru-
mental data of ex-store fruit quality to sensory de-
scriptions from consumer preference surveys. Fruit 
quality declined with storage duration; however, the 
degree of quality loss was much less severe under 
all storage conditions when fruit was treated with 
1-MCP. Ethylene-dependent ripening processes such 
as softening, yellowing of the background colour 
and loss of titratable acidity were significantly more 
reduced in 1-MCP-treated ‘Jonagold’ apples than in 
untreated controls, concomitantly with lower rates 
of fruit respiration and fruit ethylene production. 
Data showed a good agreement between instru-
mental measurements and consumer scores for all 
evaluated fruit quality parameters. We conclude 
that flesh firmness and titratable acidity were the 
most important drivers of consumer preference. 
Interestingly, consumers, regardless of age and gen-
der, preferred 1-MCP-treated fruit held in ultra-low 
oxygen storage. Although sensory evaluation stud-
ies are time-consuming and might have some flaws 
when attempting to generate representative results 
from consumer taste panels, they are a useful tool 
to assess product quality and consumer preference.
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Introduction
Ethylene is produced at relatively high rates during 

ripening of climacteric fruit such as apple (Malus × do-
mestica Borkh.) and regulates many processes associated 
with fruit ripening. 1-methylcyclopropene (1-MCP) blocks 
effectively ethylene receptors present at the time of treat-
ment, thereby inhibiting or reducing the autocatalytic 
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Significance of this study
What is already known on this subject?
•	 It was previously shown that postharvest applica-

tion of 1-MCP results in improved retention of fruit 
quality attributes of apple during storage and sub-
sequent shelf-life period by delaying fruit softening, 
loss of titratable acidity and background colour 
changes. However, consumer perception of 1-MCP-
treated apples is largely unknown.

What are the new findings?
•	 There was a good agreement between sensory 

output and instrumental data for the varying fruit 
quality attributes. Most consumers participating in 
the survey in Southwest Germany preferred 1-MCP-
treated ‘Jonagold’ apples stored in ULO, regardless of 
gender and age.

What is the expected impact on horticulture?
•	 Consumer tests are important to realize consum-

ers’ perception on the development of new products 
or technologies and to guarantee knowledge-based 
decision-making processes by industry wide uptake 
and distribution.

production and perception of ethylene (Sisler et al., 1996; 
Fan and Mattheis, 1999; Blankenship and Dole, 2003; Tat-
suki et al., 2007). Consequently, this decreases ethylene 
effects in plant tissues for extended periods, hence delays 
ethylene-dependent quality losses in climacteric fruit and 
subsequently leads to a better fruit quality retention dur-
ing storage (Fan and Mattheis, 1999; Fan et al., 1999; Lafer, 
2003; DeEll et al., 2002) and also shelf-life (Watkins et al., 
2000). In particular, it was previously shown that 1-MCP 
blows ethylene production, respiration, softening, loss of 
titratable acidity and aroma development in apple.

The	efficacy	of	1-MCP	 is	dependent	on	various	 factors	
such as for example cultivar, stage of fruit maturity at the 
time of treatment, storage atmosphere and duration as well 
as time between harvest and 1-MCP treatment (Watkins et 
al., 2000; DeEll et al., 2002; Blankenship and Dole, 2003; 
Johnson, 2003; de Castro et al., 2007; Tatsuki et al., 2007). 
Although several reports describe these factors governing 
the	 efficacy	of	 1-MCP	application	 and	 the	 resulting	 effect	
on the retention of fruit quality, reports on consumer ac-
ceptability of 1-MCP-treated apple fruit are lacking. Lurie 
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et al. (2002) reported that panelists preferred 1-MCP-treat-
ed apples of ‘Anna’ with a lack of typical aroma to control 
fruit with a ripe and fruity aroma. More recently, Marin et 
al. (2009) reported that consumers could not distinguish 
between 1-MCP-treated ‘Gala’ apples and control fruit from 
regular air and controlled atmosphere (CA) storage, re-
spectively.

The primary objective of the work reported here was 
to control ripening of ‘Jonagold’ apples at varying maturi-
ty stages by using 1-MCP under air and CA storage condi-
tions and to link ex-store fruit quality attributes to sensory 
descriptions from consumer preference surveys at Lake 
Constance region in Southwest Germany. Consumer tests 
are important to realize consumers’ opinion on the de-
velopment of new products or technologies. For example, 
dissatisfied	 consumers,	who	had	unpleasant	 eating	expe-
rience might stop buying this variety, apples from a given 
origin or in the worst-case change to competitive products 
(Harker et al., 2003). Especially when fruits have to com-
pete with other fruit types, product quality is of particular 
importance (Jack et al., 1997).

Materials and methods

Plant material and harvest management
The experiments were carried out at the Centre of Com-

petence for Fruit Cultivation at Lake Constance, Germany, 
using the apple cultivar ‘Jonagold’ in three consecutive 
postharvest seasons (2004-2006). Trees were grown on 
M.9 rootstock, trained as slender spindle and subjected to 
standard management practices typically applied in the 
Lake Constance fruit-growing region. Fruit used in these 
experiments were harvested at different maturity stages 
in three select picks at 7-10 day intervals in 2004 (Streif-
index 0.08, 0.07, 0.05) and 2005 (Streif index 0.11, 0.09, 
0.06) and in two picks in 2006 (Streif index 0.09, 0.06) from 
late September to mid-October, respectively. At each har-
vest in each year, uniformly sized fruit were randomized 
and placed into 12 kg plastic crates for subsequent storage 
experiments. 

Fruit storage and 1-MCP application
In 2004 half of the fruit crates were placed in gas-tight 

storage containers on the day of harvest and treated with 
625 nL L-1 1-MCP for 24 hours at 1°C (0 days after harvest; 
0 DAH). The other half of the fruit crates were also held at 
1°C, but remained untreated and served as control fruit. In 
contrast and in agreement with commercial practice, half 
of the harvested fruit in 2005 and 2006 were held in cold 
storage at 1°C and approx. 92% relative humidity (RH) for 
6 days prior to 1-MCP application on the following day as 
described above, while the control fruit was non-treated. 
Equal numbers of fruit crates were stored in air, CA (0.8% 
CO2, 3% O2) and ultra-low oxygen (ULO; 3% CO2 and 1% O2) 
in all experimental years, except in 2006 where no fruit 
was stored under CA conditions. All storage rooms were 
operated at 1°C air temperature and approx. 92% RH. After 
2, 4 and 6 months in 2004/05, 3, 6 and 9 months in 2005/06 
and 3 and 5 months in 2006/07, fruit crates from each har-
vest date, treatment and storage condition were removed 
and placed at 20°C	for	up	to	10	days	to	provide	sufficient	
fruit numbers for subsequent fruit assessment. At each 
sample removal, storage rooms were quickly opened and 
atmosphere conditions were re-established immediately 
thereafter.

Measurements of fruit respiration and ethylene rates
At each harvest, commencement of storage experi-

ments and each sample removal date, four apples for each 
of three replicates for each treatment were placed into 3 
L-glass jars, respectively, which were connected to a closed 
air supply system. Each fruit sample was monitored daily 
for respiration and every third day for ethylene production 
at 20°C and approx. 85% RH over 10 days. Fruit respira-
tion rates (mL CO2 kg-1 h-1) were measured with an infrared 
gas-analyser (URAS-2, Mannesmann, Germany). Ethylene 
production rates (µL C2H4 kg-1 h-1)	 were	 quantified	 by	 
taking with a syringe a 10 mL headspace sample from each 
jar and injecting 1 mL into a gas chromatograph (Carlo 
Erba, series 2150, Italy) equipped with an activated alu-
mina 60 mesh column.

Assessment of fruit quality
At harvest and after each removal from storage, ran-

dom fruit samples for three biological replications, each 
consisting of at least six apples, were used to assess vari-
ous fruit quality parameters. Background colour (BGC, hue 
angle) was assessed by measuring a representative fruit 
surface with a chromameter (CR-300, Minolta, Japan). Flesh 
firmness (FF, N) was measured at the equatorial region on 
the exposed and shaded side of the apple by removing the 
fruit skin and using a Güss fruit texture analyser (GS 14, 
South Africa) with 11 mm diameter probe. Starch pattern 
index (SPI, score) was determined by visually assessing 
the cut and stained (with KI/I solution) half fruit surface 
using a commercial chart (1 = 100% starch with all tissue 
stained black to 10 = 0% starch with no staining). Soluble 
solids concentration (SSC, %) was determined from juice of 
all the other half fruit surfaces within one replication us-
ing an Atago automatic refractometer (PR 1, Atago Co. Ltd.,  
Tokyo, Japan). Titratable acidity (TA, malic acid L-1) was 
analysed by titrating 10 ml fresh juice with 0.1 N NaOH to 
a pH of 8.1 using an automatic titration system (SM Titrino 
702, Metrohm, Herisau, Switzerland).

Consumer preference studies
In 2005, a survey was conducted with 120 consumers 

of several households in the Lake Constance region, South-
west Germany, by asking if they would purchase apples, 
which have been treated with a fruit-ripening regulator 
to preserve fruit quality and freshness. In 2007, sensory 
evaluation was performed to link postharvest 1-MCP appli-
cation and storage conditions ex-store to fruit quality and 
consumer perception of ‘Jonagold’ apples. Is the market 
responding to differences in sensory and quality proper-
ties in terms of consumer preference? Instrumental quality 
assessments were carried out for fruit from both harvests 
after 90 and 150 days in air or ULO storage and 6 days at 
20°C, respectively. Hedonic evaluations by consumer pan-
els were performed two days later at the farmer’s market in 
Ravensburg,	Germany.	Averagely	ninty-five	voluntary	un-
trained panelists of varying age groups (<20 years, 20–39 
years, 40–60 years, and >60 years) and equal gender repre-
sentation assessed blind, without any product information, 
apple slices of 1-MCP-treated and control fruit from both 
storage conditions for each harvest date and storage dura-
tion, respectively. Attribute standards were used to score 
firmness,	 sweetness,	 tartness	 and	 background	 colour	 of	
fruit on a scale from ‘too low’, ‘low’, ‘just right’, ‘high’, to 
‘too high’.
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Statistical analysis
Analysis of variance was used to evaluate the effect of 

1-MCP application, storage condition and storage duration 
on various fruit quality attributes at harvest and ex-store. 
The main effects were analysed for linear and quadratic 
trends. The experimental data were analysed using Gen-
stat (Rothamsted Experimental Station, UK) and graphi-
cally displayed using OriginPro (OriginLab Corporation, 
Northampton, MA, USA).

Results

Fruit quality
In each harvest season, later picked fruit were more 

mature as indicated by the harvest management crite-
ria background colour and starch-iodine score (data not 
shown). Other fruit quality attributes such as SSC and FF 
did not change throughout the harvest period, whereas TA 
decreased	significantly	with	advanced	picking	time.

The extent of postharvest loss of fruit quality was not 
affected by picking time, thus the means of all harvests in 
each season are presented. In 2005/06, fruit softening was 
significantly	lower	in	1-MCP-treated	fruit	than	in	untreat-
ed control fruit, irrespective of sample removal date and 
storage condition (Figure 1A). 

However, FF was consistently best maintained in 
1-MCP-treated and ULO-stored fruit, which was about 50% 
higher than that of untreated, cold stored fruit with the 
highest degree of fruit softening. As expected, FF gradu-
ally reduced with storage duration in all treatments, al-
though to a lesser extent in 1-MCP-treated fruit stored in 
CA and ULO. SSC was lowest in untreated fruit stored in 
air at each sample removal date, whereas all other treat-
ments led to higher concentrations of fruit soluble solids 
(Figure 1B). 1-MCP-treated fruit tended to have higher 
SSC than untreated controls in all storage conditions and 
at each sampling time. TA declined with storage duration, 
irrespective of treatment, but this was particularly notice-
able in air stored fruit with and without 1-MCP treatment 
(Figure 1C). Overall, ex-store TA was more than 50% lower 
than the at-harvest value. 1-MCP-treated fruit had consist-
ently a higher TA retention than untreated fruit under the 
same storage condition. There was a clear shift of BGC from 
green to yellow throughout the entire storage period, re-
gardless of treatment, but again this trend was most pro-
nounced in the 1-MCP-treated and untreated fruit stored 
in air (Figure 1D). Similar trends of declining fruit quality 
with storage duration and improved fruit quality retention 
by 1-MCP application were found in the 2004/05 season 
(data not shown).

Figure	1.	Flesh	firmness	(A),	soluble	solids	concentration	(B),	titratable	acidity	(C),	and	background	colour	(D)	of	‘Jonagold’	
apples treated with 1-MCP and stored in air, controlled atmosphere and ultra-low oxygen for 3, 6 and 9 months, respec-
tively. Data are means of three harvests in 2005. Vertical bars represent LSD values at the 5% level for the effect of treat-
ment × storage condition × storage period. Horizontal thin dotted lines represent harvest values.
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Fruit respiration and ethylene
At harvest in 2005, respiration rate of ‘Jonagold’ apples 

was averagely 7.7 mL kg-1 h-1 (Figure 2A), but after 1-MCP 

application, rates of treated fruit over 10 days at 20°C were 
more than twofold lower than those of control fruit (4.7 vs. 
10.2 mL kg-1 h-1), an effect that was similar in 2004. In both 
years, 1-MCP-treated fruit from all storage conditions had 
significantly	lower	fruit	respiration	rates	at	each	removal	
date when compared to control fruit, a tendency that was 
particularly noticeable in CA and ULO storage (Figure 2A). 
It is interesting to note, that respiration rates of control 
fruit in ULO was identical with rates of 1-MCP-treated fruit 
stored in air throughout the storage period. Fruit respira-
tion of both control and 1-MCP-treated fruit did not con-
siderably change over time under all storage conditions 
(Figure 2A).

Average ethylene production rates of ‘Jonagold’ apples 
at harvest in 2005 during 10 days at 20°C averaged 44.1 
µL kg-1 h-1 (Figure 2B), but declined immediately and sig-
nificantly	to	3.5	µL	kg-1 h-1 in fruit treated with 1-MCP com-
pared to 84.3 µL kg-1 h-1 in control fruit. This 1-MCP induced 
inhibition of ethylene production was also seen in 2004. 
Ethylene production of both control and 1-MCP-treated 
apples continuously increased during the entire storage 
period in 2005/06 (Figure 2B), indicating that the 1-MCP 

inhibition effect on fruit ethylene production diminished 
over time. This gradual recovery of ethylene production 
during storage of 1-MCP-treated apples was not observed 
in 2004/05 (data not shown). Nevertheless, 1-MCP-treated 
apples,	regardless	of	storage	condition,	had	always	signifi-
cantly lower rates of ethylene than control fruit. Similar to 
the fruit respiration rates, the ethylene production rates of 
control fruit stored in ULO and 1-MCP-treated fruit in air 
were nearly the same after 6 and 9 months storage respec-
tively. 

Consumer preference
The consumer survey in 2005 on the acceptability of  

using a fruit-ripening regulator to preserve apple quality 
and freshness clearly indicated, that some concern existed 
over such a practice and respondents answered progres-
sively with increasing age with ‘no’ (Figure 3). It is interest-
ing to note; however, that a high proportion of respondents 
under 20 years did not provide a clear feedback.

Figure 4 shows the relationships between fruit qual-
ity data, obtained from instrumental measurements, and 
perceived sensory properties of 1-MCP-treated and control 
‘Jonagold’ apples from the second harvest and stored for 5 
months in air and ULO, respectively. Ex-store FF was about 
80% higher in ULO- than in air-stored fruit, but under both 
storage conditions, 1-MCP-treated apples were 7–10 N 
firmer	than	control	fruit	(Figure	4A).	Instrumental	values	
for FF were well correlated with scores applied by sensory 
panelists, whereby consumers found untreated, air-stored 
fruit ‘too soft’, whereas all other fruit ranged around the 
‘just	right’	score.	SSC	were	significantly	lower	in	untreated	
fruit from air storage compared to all other treatments 
(Figure 4B). Fruit from all treatments met panelists’ expec-
tations with scores around the ‘just right’ rating. Nonethe-
less, sweetness levels tended to be slightly less appreciated 
in fruit stored in ULO than those stored in air, but in both 
cases, this quality attribute was even less liked when fruit 
was	treated	with	1-MCP.	Retention	of	TA	was	significantly	
greater in fruit from ULO than that in fruit from air storage 
and, under both storage conditions, in 1-MCP-treated fruit 
than that in untreated fruit (Figure 4C). Again, there was 
a good agreement between measured values and sensory 
scores for acidity with a clear consumer preference toward 
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Figure 2. Rates of fruit respiration (A) and fruit ethylene 
(B) of ‘Jonagold’ apples treated with 1-MCP and stored in 
air, controlled atmosphere and ultra-low oxygen for 3, 6 
and 9 months, respectively. Data are means of three har-
vests in 2005 and of repeated measurements over 10 days 
at 20°C. Vertical bars represent LSD values at the 5% level 
for the effect of treatment × storage condition × storage pe-
riod. Horizontal thin dotted lines represent harvest values.
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Figure 3. Consumer responses of various age groups to the question “Would you purchase apples which have been 
treated with a fruit ripening regulator to preserve quality and freshness?” 
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the	 tarter	 fruit.	 Fruit	 BGC	was	 significantly	 greener,	 less	
ripe, in ULO storage than in air storage but was not affected 
by 1-MCP application (Figure 4D). This trend was well re-
flected	by	consumer	perception,	with	air	stored	fruit	above	
and ULO stored fruit slightly below the ‘just right’ score. 
Consumer preferences and ex-store fruit quality properties 
showed similar trends and were also in good agreement to 
one	another	after	3	months	of	storage	and	at	first	harvest	
for both storage durations (data not shown).

Major consumer preference directions by four age 
groups are shown in Figure 5. Since fruit sensory evalua-
tion of each harvest and each storage duration resulted in 

similar consumer perception trends, the overall means are 
presented. Overall, 1-MCP-treated apples were consider-
ably better perceived by consumers than untreated apples 
within each storage condition. Moreover, sensory proper-
ties of ULO-stored fruit were more preferred than those 
of air-stored fruit by all age groups, except by consumers 
>60 years, which unexpectedly favoured 1-MCP-treated ap-
ples from both storage conditions. It is interesting to note, 
that untreated and cold-stored apples were least preferred 
with about 10% of the respondents in each age groups. In 
contrast, 1-MCP-treated and ULO-stored apples were most 
preferred in each age group; however, consumer prefer-
ence declined by about 5% with increasing age group.

Discussion

Fruit quality
Fruit quality is created in the orchard during the grow-

ing season, and at best can be maintained but never be 
improved by any postharvest technology (Hewett, 2006). 
Nevertheless, harvested apples will eventually deteriorate 
due to senescence processes and consequently, fruit qual-
ity decreased with storage duration to varying degrees, 

Figure	4.	Instrumental	values	(black	squares)	and	consumer	scores	(columns)	of	flesh	firmness	(A),	soluble	solids	concen-
tration (B), titratable acidity (C), and background colour (D) of ‘Jonagold’ apples from the second harvest, treated with 
1-MCP	and	stored	in	air	and	ultra-low	oxygen	for	5	months	in	2006/07.	Different	letters	indicate	significant	differences	at	
P≤0.05.	Horizontal	thin	dotted	lines	represent	the	“just	right”	score.
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Figure 4. Instrumental values (black squares) and consumer scores (columns) of flesh firmness (A), soluble solids 
concentration (B), titratable acidity (C), and background colour (D) of ‘Jonagold’ apples from the second harvest, 
treated with 1-MCP and stored in air and ultra-low oxygen conditions for 5 months in 2006/07. Different letters 
indicate significant differences at P≤0.05. 
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Figure 5. Age-dependent consumer preference for 1-MCP- 
treated and control ‘Jonagold’ apples stored in air and un-
der ultra low oxygen in 2006/07. Response is the mean of 2 
harvests and 2 storage durations.
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Figure 5. Age-dependent consumer preference for 1-MCP-treated and control ‘Jonagold’ apples stored in air and 
under ULO conditions in 2007. 
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depending on storage conditions and 1-MCP application 
(Figure 1). The greatest impact of 1-MCP was seen in a clear 
retention of FF, regardless of storage condition and dura-
tion (Figure 1A), and this is consistent with several other 
findings	(Fan	et	al.,	1999;	Watkins	et	al.,	2000;	Lafer,	2003;	
Moya-Leon et al., 2007; Tatsuki et al., 2007). In contrast, ef-
fects of 1-MCP on other quality parameters such as SSC, TA 
and BGC are ambiguously described in the literature. For 
example, 1-MCP-treated apples may have similar (Fan et al., 
1999) or higher (Fan et al., 1999; Fan and Mattheis, 1999)  
(Figure 1B) SSC than those in untreated controls. In addi-
tion, while Mir et al. (2001) found no effect of 1-MCP on TA 
of  ‘Redchief Delicious’ apples throughout the storage pe-
riod, several other studies reported a loss of acidity in dif-
ferent apple cultivars during 1-MCP storage (Watkins et al., 
2000; DeEll et al., 2002; Saftner et al., 2003; Johnson, 2003) 
as was also observed in the current study (Figure 1C). The 
retention of SSC and TA may result from the lower respira-
tion rate of 1-MCP-treated fruit (Figure 2A) which is in sup-
port	by	findings	of	Fan	and	Mattheis	(1999).	The	decline	of	
hue angle with storage duration (Figure 1D), resulting to a 
more yellow BGC, is likely due to chlorophyll degradation 
and carotenoid synthesis. Knee (1988) suggested that the 
synthesis of carotenoids in ripening apples might be an eth-
ylene-dependent process and indeed, ex-store background 
colour differences are in good agreement with varying eth-
ylene synthesis rates (Figure 2B). In general and in agree-
ment with Saftner et al. (2003), 1-MCP treatment delayed 
ripening more than CA or even ULO storage.

The gradual recovery of ethylene production during 
storage of 1-MCP-treated apples (Figure 2B) may be due 
to partial release of bound 1-MCP from receptor sites (Ru-
pasinghe et al., 2000) and synthesis of new receptor bind-
ing sites (Sisler et al., 1996; Blankenship and Dole, 2003), 
which both would result in increased ethylene sensitivity. 
Moreover, a high number of ethylene-bound receptors by 
late 1-MCP applications (Watkins et al., 2000; Tatsuki et al., 
2007) and low fruit temperature at the time of 1-MCP appli-
cation (Mir et al., 2001; DeEll et al., 2002; Blankenship and 
Dole, 2003; Watkins and Miller, 2003) might also explain 
why ethylene production increased with storage time. Both 
reasons	might	have	lowered	the	efficacy	of	1-MCP	in	2005,	
since 1-MCP was applied to relatively warm fruit at the day 
of harvest in 2004, whereas fruit was held in cold storage 
for 1 week before being treated with 1-MCP in 2005.

Consumer preference
First, it should be noted that consumer tests are time-

consuming and laborious to obtain meaningful data 
(Hampson et al., 2000). Consequently, most of the post-
harvest fruit quality assessment is based on instrumental 
measurements without including consumer preference 
work.

Consumers’ expectations of fruit quality are largely as-
sociated with product information and the memory on pre-
vious eating experiences of the same product (Harker et al., 
2002,	2003;	Höhn	et	al.,	2003),	which	might	be	influenced	
by exaggerations of good and bad points in the course of 
time (Schutz, 1999; Harker et al., 2003). Cardello (1995) 
stated that not the actual measurable quality is important 
for consumer, but the perceived quality. Consumer’s per-
ception of food is not constant and changes with people, 
time and situation, experience and knowledge (Lawless, 
1995; Cardello, 1995; Harker et al., 2002). The perceived 
quality is determined by many intrinsic and extrinsic fac-

tors (Oude Ophuis and Van Trijp, 1995; Lange et al., 2000; 
Hewett, 2006) and interactions with consumers’ expecta-
tions. While intrinsic quality attributes like size, colour, 
sweetness	or	 firmness	are	physical	 characteristics	of	 the	
fruit and easy to estimate, extrinsic factors, such as pro-
duction method and technology, chemical treatments, and 
special storage techniques (Hewett, 2006) are mostly un-
known to the consumer. However, the availability of these 
additional product information is becoming an increasingly 
important differentiation point for customer purchase de-
cisions, since consumers are increasingly concerned about 
food safety (Moskowitz, 1995; Paull, 1999), pesticides 
(Harker et al., 2002), and chemical use in food production 
systems. The 2004 consumer survey did not provide any 
specific	product	information	on	mode	of	action,	application	
rate and duration as well as potential impacts on consum-
ers and environment. When this type of information would 
have been made available, perhaps more consumers might 
have answered with ‘yes’ to the use of fruit ripening regula-
tors in postharvest management (Figure 3).

Appearance	is	the	first	and	in	most	cases	the	only	qual-
ity parameter, consumers can judge at the point of sale 
(Francis, 1995; Kays, 1999; Lange et al., 2000). If the ap-
pearance were unacceptable for an individual consumer, 
he or she would not buy that apple, even if other quality 
factors would be satisfying. Interactions between different 
quality attributes are obvious, for example, it is known that 
there is a clear effect of colour on the perception of sweet-
ness (Francis, 1995). Consequently, it is not clear whether 
the acceptance or rating of the fruit was entirely due to sen-
sory parameters or also related to consumers expectations 
after viewing the fruit (Figure 4).

Overall, sensory outputs for the varying fruit attributes 
were well aligned with corresponding instrumental values 
(Figure	4)	and	consumers	were	mostly	satisfied	with	 the	
retained apple quality from all treatments after 5 months 
storage. However, it is important to understand which fruit 
attributes mainly drive consumer preference in order to 
adapt apple quality with the help of postharvest technolo-
gies. Most participating consumers in Southwest Germany, 
regardless of age (Figure 5) or gender (data not shown), 
preferred 1-MCP-treated fruit out of ULO storage, particu-
larly when fruit was stored for 5 months. In contrast, the 
preference of 1-MCP-treated, air stored apples declined 
with storage duration since FF and TA decreased to unac-
ceptable sensory scores (Figure 4A, C). Consequently, both 
quality attributes seem to be important drivers of consum-
er preference. FF, or in the broader sense texture, is indeed 
described in many reports as a crucial factor for consum-
ers acceptance (Daillant-Spinnler et al., 1996; Jaeger et 
al., 1998; Shewfelt, 1999; Höhn et al., 2003) and Harker 
et	al.	(2002)	even	stated	that	improving	firmness	is	likely	
to increase fruit sales. In addition, fruit sweetness is also 
often described as an important determinant of consum-
er preference (Daillant-Spinnler et al., 1996; Jaeger et al., 
1998; Höhn et al., 2003; López et al., 2007); however, this 
was not the case in the present study (Figure 4B). Marin 
et al. (2009) reported, that consumers who regularly eat 
‘Gala’ apples preferred untreated over 1-MCP-treated fruit 
from CA storage, presumably due to higher SSC and greater 
concentrations of typical aroma volatiles in untreated  
apples. It is noticeable that sweetness was scored low, 
when TA was found high and fruit were green, indicating 
that assessments of single fruit characters also seem to be 
affected by other characters.
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MacFie	 and	 Hedderly	 (1993)	 refer	 to	 some	 flaws	 and	
difficulties	in	relating	sensory	data	to	instrumental	meas-
urements. To generate a representative result from con-
sumer	 test	 panels,	 it	 is	 important	 to	 include	 a	 sufficient	
number of participants in the questionnaire (MacFie and 
Hedderly, 1993; Cliff et al., 1998). The number of partici-
pating consumers was about 100 for each fruit sensory 
evaluation, except for fruit from the second harvest after 
3 months storage due to cold, wintery weather conditions. 
Cliff et al. (1998) recommended that panels should consist 
of at least 100 consumers and thus our results were rep-
resentative estimates of customer preferences. Moreover, 
the	 results	 of	 consumer	 preference	work	might	 be	 influ-
enced by the presentation of the sample, the environment 
and the way in which the moderator of the experiment in-
teracts with the panelists (Schutz, 1999). Consumer tests 
should ensure that questions can be easily understood and  
answered and that the entire questionnaire should not 
take too much time; points that were taken under consid-
eration in the present study. In addition, a further limita-
tion of consumer data is the so-called halo-effect (Lawless, 
1995; Schutz, 1999), which describes a tendency for an es-
timate	of	judgment	to	be	influenced	by	an	irrelevant	or	only	
loosely associated factor, impression, etc., hence judgments 
are not objective as also the case in the present study. In 
conclusion, sensory evaluation studies are a useful tool to  
assess food quality and consumer preference (Cardello, 1995; 
Lawless, 1995; Daillant-Spinnler et al., 1996; Schutz, 1999). 
Although consumers might be less sensitive to quality  
issues than a trained panel, they do represent product pref-
erence behaviour and set clear market signals.
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